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WHAT IS CLAIMED IS 
Claim "l" 



A hand held vibration data collector and analyzer > 
system for collecting, analyzing, and storing vibration data thax 
is produced by and collected from a predetermined series of / 
machines and for transferring data to a computer, comprisirig: 
5 a vibration transducer for sensing vibration that is/ 

produced by the machines and for producing an analog vitJration 
signal corresponding to the vibration; / 

a housing dimensioned and configured for beinq/^iand held; 
a conditioning circuit mounted in said housiiig: 
10 (a) for receiving and conditioning th^ analog vibration 

signal from the vibration transducer to prodii^ a conditioned 
analog signal; / 

(b) including a fixed f requency^^nalog anti-aliasing 
filter having a fixed upper cutoff frequency set at a desired 

15 frequency equal to the maximum vibratijMi frequency of interest 
for producing the conditioned analog /signal having a desired 
frequency range; / 

(c) including amplifieirp for producing the conditioned 
analog signal at a desired::;iaTTipli/t:ude ; 

2 0 (d) including an amadop to digital converter (ADC) for 
receiving and sampling the ctapdjibioned analog signal to produce a 
digital signal; / 

a data processor moimted in said housing for processing the 
digital signal to produofe desired digital data, said data 
25 processor including: / 

a transfornrer for selectively operating on the digital 
signal, perf orming^a Fast Fourier Transform, and producing a 
frequency spectrunfi f rom the digital signal; 

a selector for selecting and producing select data for 
30 storage from ajL least one of the digital signal and the frequency 
spectrum; / 

a keyboard mounted in said housing interfaced with said data 
processor yror inputting commands and data to said data processor; 
a d/splay mounted in said housing interfaced with said data 

3 5 processor for displaying information to the user; 

Faemory interfaced with the data processor for storing 
infoormation including the select data; and 

/ means for transferring information that is stored in said 
memory to the computer. 
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Claim 2 . The system 
further comprises a digit 
reducing the sample rate 
signal to produce a modif 

Claim 3 . The system 
circuit further comprises 

a third order si gma ~ > 
sigma-delta loops and hav 
of: Y(z) = X(z) + (1-Z"M 
noise from the third orde 
receiving the conditioned 
modulator signal; 

a comb filter for di' 
decimating the digital moi 
produce a comb signal; am 

a FIR filter for dig 
the comb signal to produce 
processor . 

Claim 4 . The sys 

said conditioning 
receiving and sampl 
frequency that is su 
of interest to prod 
digitally low-pass 
signal to produce al 
sample rate as compared 




ta processor 
optionally 
the digital 

conditioning 

three cascaded 
1 substantially 
quantization 
.d modulator 
iucing a digital 

ring and 
.d modulator to 

.ng and decimating 
>r said data 



hardware for 
L at a sample 
imum frequency 
er for 

ing the digital 
having a reduced 
nd a predetermined 



upper cutoff frequency; aiid 

said data processor^ further comprising a digital low- pass 
filter and decimator foir optionally and selectively reducing the 
sample rate and frequency content of the conditioned digital 
signal to produce a modified conditioned digital signal. 

Claim 5 . The system of Claim 1 wherein said data processor 
further comprises ar zoom processor for operating on the digital 
signal to produce Ja zoom digital signal having a frequency range 
that is reduced compared to the frequency range of the digital 
signal . 

Claim 6 . /The system of Claim 1 wherein said data processor 
further compri/ses : 

a zoom i/rocessor for operating on the digital signal to 
produce a zdom digital signal having a frequency range that is 
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reduced compared to the frequency range of the /digital signal; 
and 

a transformer for selectively operating cfn the zoom digital 
signal, performing a Fast Fourier Transform, And producing a zoom 
frequency spectrum from the zoom digital signal. 

Claim 7 . The system of Claim 1 wherein said data processor 
further comprises a zoom processor for operating on the digital 
signal by frequency shifting the digital signal and low-pass 
filtering the frequency shifted digital signal to produce a zoom 
digital signal corresponding to a selectad band of frequencies in 
the digital signal ranging from a selecbred upper frequency to a 
selected lower frequency, both of whicly are greater than one 
hertz . 

Claim 8 . The system of Claim 1 ^herein said data processor 
further comprises a zoom processor f®r operating on the digital 
signal by multiplying the digital signal by a function to 
frequency shift the digital signal„yfem^,low-pass filtering the 
frequency shifted digital signaiyTbo produce a zoom digital signal 
corresponding to a selected 
signal ranging from a sele 
lower frequency, which is 

Claim 9 . The syste, 
further comprises a zooj 
signal corresponding t 
said frequency band h 
and a center frequenc 
lower frequencies of 
shifting the digital s 
and low-pass filtering t 
produce a zoom digital 
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f frequencies in the digital 

r frequency to a selected 
than one hertz, 
aim 1 wherein said dat^^a processor 
sor for producing a/zoom digital 
uency band in theydigital signal, 
upper frequencyy^a lower frequency 
IS centered between the upper and 
nd, s^d zoom^^Srocessor for frequency 

to shift the center frequency to zero 
frequency shifted digital signal to 
gnal in which the lower and upper 
frequencies in the zoom/ digital signal correspond to the lower 
and upper frequencies jLn said band, respectively. 

Claim 10 . The system of Claim 1 wherein said data processor 
further comprises : 

a zoom processor for operating on the digital signal by 
frequency shifting/the digital signal and low-pass filtering the 
frequency shifted/digital signal to produce a zoom digital signal 
corresponding to /a selected band of frequencies in the digital 
signal ranging prom a selected upper frequency to a selected 
lower frequency and having a center frequency; 
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said zoom processor multiplying the digdJtal signal by a 
function equal to e 2ni(f0)/(fs) ^ where fO equals/ the center frequency 
of the selected band and fs equals the sampLe rate of the digital 
signal, to frequency shift the digital signal such that the 
center frequency is shifted to zero; 

said zoom processor low-pass filtering the frequency shifted 
digital signal to produce a zoom digital /signal in which the 
lower and upper frequencies in the zoom yaigital signal correspond 
to the lower and upper frequencies in said band, respectively. 

Claim 11 . The system of Claim lo/wherein said data 
processor further comprises a transformer for Fast Fourier 
Transforming the frequency shifted digital signal to produce a 
zoom frequency spectrum corresponding to the selected frequency 
band of the digital signal. 

Claim 12 . The system of Clain/ 1 wherein said data processor 
further comprises : 

a digital signal proces^or^' connected to receive and 

for operating on the digitdJ. si^al independently performing Fast 
Fourier Transforms on the digitJa^L signal to produce a frequency 
spectrum; and 

a central processing unit^/ (CPU) for controlling the 
operation of the system including the operation of the DSP, said 
DSP performing the/Fast Fou^^e r Transform independently of the 
CPU. 

Claim 13. 
further comprise 

a DSP connetted Xo rifeceive\and operate op^the digital signal 
independently performing/ Fast Foii^ri^rTraji^xorms on the digital 
signal to produce a frequency spectrum, performing a rastering 
operation on the spectrum to generate a graphical representation 
of the frequency specyrum, and transferring the graphical 
representation to sayd memory 

a CPU for contaJolling the operation of the system including 
the issuing of commands to said DSP causing said DSP to perform 
operations independently of the CPU; and 

a direct memcpry access (DMA) for transferring data directly 
to said memory without interrupting the CPU, said DMA 
transferring daya including the frequency spectrum and the 
graphical reprarsentation from said DSP to said memory. 

Claim 14 ./ The system of Claim 1 wherein said data processor 




a processor 
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comprises : 

a DSP serially connected to receive the digital signal from 
said analog to digital converter; 

a CPU for generating commands to control tfhe operation of 
the system including the DSP; 

said DSP for operating on and analyzino*^ the digital signal 
independently of the CPU to produce an anal^^zed digital signal 
representing selected properties of the digital signal and for 
transmitting the analyzed digital signal to said memory 
independently of the CPU; and 

said CPU for transmitting commands /to said DSP to select the 
operations and analysis that is perforiyied on the digital signal 
by the DSP. 

Claim 15 . The system of Claim 1/4 wherein said DSP in 
response to commands from said CPU performs a Fast Fourier 
Transform independently of said CPUf on the digital signal to 
produce a frequency spectrum representative of the frequency 
content of the digital signal 

Claim 16 . The system of Cloiim 14 wherein said DSP in 
response to commands from said,.-€fP^3sper forms a zoom operation 
independently of said CPU on the digital signal to produce a zoom 
digital signal representative yoi a selected frequency band in the 
digital signal . 



£lailQ_L2. The sy-stera 
response to commands/ trom 
and decimation ope 
said CPU to produc 
sample rate as co 




'Plaim 14 wherein said DSP in 

CPU performs a low-pass filtering 
the digital signal independently of 
5red\ digital signal h^rving a reduced 
thevdicrital signap/and being 
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representative of Kj^p^tfion of trhedigij;,ar3:' signal having a 
frequency below a selected upper frequency. 

Claim 18 . The s-vjstem of Claim 14 wherein said DSP m 
response to commands ^rom said CPU performs : 

a low-pass filtering and decimation operation on the digital 
signal independentLy of said CPU to produce a filtered digital 
signal having a reduced sample rate as compared to the digital 
signal and being Representative of a portion of the digital 
signal having a frequency below a selected upper frequency; 

a zoom operation independently of said CPU signal to produce 
a zoom digital/signal representative of a selected frequency band 
in the digita/ signal; and 
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a Fast Fourier Transform independent ])y of said CPU to 
produce a frequency spectrum representative of a frequency 
content of the digital signal . 

Claim 19 . The system of Claim 1 wh)ferein said memory further 
comprises : 

a memory card for storing data in k card format 
a plug system for connecting and (disconnecting said memory 
card to and from the system; 

a random access memory (RAM) intyferfaced with said data 
processor for storing data; and 

a RAM formatter for controllincrf the flow of data to and from 
said RAM and configuring said RAM afe a pseudo-card so that said 
10 RAM in conjunction with said RAM ^rmatter functions 

substantially identically as sai<y memory card, receiving and 
transmitting data in card format; 

Claim 20 . A hand held data collector and analyzer system 
for collecting, analyzing, and /storing data and for transferring 
data to a computer, comprisinc 

a main transducer for sejising analog data and for producing 
a main analog signal corresponding to the analog data; 

an optional transducer. /for sensing analog data and for 
producing an optional amtaLhg signal corresponding to the analog 
data; 

a housing adaptefd tojfbe hand held; 

a main conditioning /iircuit mounted inf said housing: 

(a) for receimng and conditiQrn.ng the main analog 
signal from said main tranisducer to g;roduce a conditioned main 
analog signal ; 

(b) including a fixed frequency main analog anti- 
15 aliasing filter having an upper cutoff frequency for producing 

the conditioned main/ analog signal having a desired frequency 
range ; 

(c) incliiding amplifiers for producing the conditioned 
main analog signal/ at a desired amplitude; 

20 (d) a main analog to digital converter (ADC) for 

receiving and sampling the conditioned main analog signal to 
produce a main digital signal; and 

(e) a/main microprocessor controller for controlling 
said main condi/tioning circuit; 

25 an optional conditioning circuit mounted in said housing: 
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(a) for receiving and conditioning the optional analog 
signal from said optional transducer to procfuce a conditioned 
optional analog signal; 

(b) including a fixed frequency d^tional analog anti- 
aliasing filter having an upper cutoff frequency for producing 
the conditioned optional analog signal ha\p.ng a desired frequency 
range ; 

(c) including amplifiers for pi^oducing the conditioned 
optional analog signal at a desired amplitude; and 

(d) an optional ADC for receiving and sampling the 
conditioned optional analog signal to produce an optional digital 
signal ; 

a main digital signal processor {pSP) mounted in said 
•housing connected to serially receive/the main digital signal and 
for selectively operating on the main digital signal, performing 
a Fast Fourier Transform, and produc/.ng a main frequency 
spectrum; 

an optional DSP mounted in sad/d housing connected to said 
optional conditioning circuit for serially receiving the optional 
digital signal and for selec^sdTvely operating on the optional 
digital signal, performing/a FasWv Fourier Transform, and 
producing a frequency sp;sctrum fpcom the optional digital signal; 

CPU) mounted in said housing for 
on of the system including the 

main 



unil 




said main DSP and 
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a central process; 
controlling the overal 
issuing of commands 
microprocessor centre 

a main interface corusfecting 
said main microprocessor comtroller7 

an optional interface /for connecting said CPU to said 
optional DSP; 

said main microprocessor controller for controlling said 
main analog input conditaoning circuitry and said main ADC in 
response to commands frpm said CPU; 

said optional DSP/ for controlling said optional analog input 
conditioning circuitry and said optional ADC in response to 
commands from said CPU; 

a keyboard mour^ted in said housing for inputting commands 
and data to said CI 

a display moiinted in said housing for displaying information 
to the user in re/sponse to commands of said CPU; 
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memory interfaced with said CPU and satLd main and optional 
DSP's for storing information including thef select data; and 

means for transferring information stpred in said memory to 
the computer . 

Claim 21 . The system of Claim 2 0 w*iere±n: 
said main and optional conditioning circuits further 
comprise main and optional hardware for receiving and sampling 
the conditioned main analog signal and nhe conditioned optional 
analog signal, respectively, at sample frequencies that are 
substantially greater than maximum frequencies of interest to 
produce main and optional digital signrals, and further for 
digitally low-pass filtering and digitally decimating the main 
and optional digital signals, respectively, to produce main and 
optional conditioned digital signals having reduced sample rates 
as compared to the main and optionaO. digital signals, 
respectively, and having predetermined upper cutoff frequencies; 
and 



urther comprising main and 
and decimators, respectively, 
ducing the sample rates and 
optional conditioned digital 
al modified conditioned digital 
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qlaim 20 wherein said main DSP and 
o commands from said CPU, 



said main and optional DSP' 
optional digital low-pass fi 
for optionally and selectiyely 
frequency content of the ymam 
signals to produce main/and ot 
signals . 

Claim 22 . The s^i^stem o 
said optional DSP, irl respo^ 
performs : 

a low-pass f ilte\ring/^nd debimation ope^^d^tion independently 
of said CPU to produce main and opt;.4^onal^,..faltered digital 
signals, respectively, having reduced sample rates as compared to 
the main and optional digital signals, respectively, and being 
representative of a po/tion of the main and optional digital 
signals ; 

a zoom operatiori independently of said CPU to produce main 
and optional zoom digital signals, respectively, representative 
of selected frequer^y bands in the main and optional digital 
signals; and 

a Fast Fouriyfer Transform independently of said CPU to 
produce frequency spectrums representative of a frequency content 
of the main and/optional digital signals. 

Claim 23 . / The system of Claim 2 0 wherein said optional 
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conditioning circuit further comprises: 

a separate optional circuit hpard; and 

plug means for selectively connecting and disconnecting said 
optional circuit board to and frafm the system. 

Claim 24 . The system of C]Aira 20 wherein: 

said main and optional DSp/s operate on and analyze the main 
and optional digital signals independently of the CPU to produce 
main and optional analyzed digital signals representing selected 
properties of the main and optional digital signals, and transmit 
the analyzed digital signals/ to said memory independently of the 
CPU; and / 

said CPU includes a dyrect memory access (DMA) 
interconnected with said main and optional DSP's and with said 
memory for transferring data from said main and optional DSP's to 
said memory without interrupting said CPU. 

Claim 25 . A hand iield vibration monitoring system for 
collecting, analyzing, ^,ail3''sb9ring vibration data that is 
produced by and coll^tred from a predetermined series of machines 
and for transferring dAna to a computer, comprising: 

a vibratioji transduicer for sensing vibration that is 
produced by tb(e machiflieB and for producing an analog vibration 
signal corresponding/ 1 a the vibration; 

a conditioningy cirlcuit : y 

/(a) f or yyeceif/ing and conditioning the analog vibration 
signal frpm the j^itoratiqjn transducer ^0 produce a conditioned 
analog signal ;>/ / V 

Mfe^ inaluding hat-^waaref or receiving and sampling the 
conditioned ana.lJDg signal at a sample frequency to produce a 
digital signal, /and further for digitally low-pass filtering and 
digitally decimating the digital signal to produce a conditioned 
digital signa^ having a reduced sample rate as compared to the 
digital signal and a predetermined upper cutoff frequency; 

a data processor for digitally processing and analyzing the 
conditioned iaigital signal to produce select data for storage; 

a keyboard interfaced with said data processor for inputting 
commands and data to said data processor; 

a display interfaced with said data processor for displaying 
informatiyon to the user; 

memory interfaced with said data processor for storing data 
including the select data; and 
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means for transferring information stored p.n said memory to 
the computer . 

Claim 26 . The system of Claim 25 wherein/ said data 
processor further comprises a digital low-pass filter and 
decimator for optionally and selectively reducing the sample rate 
and frequency content of the conditioned digfi.tal signal to 
produce a modified conditioned digital signal. 

Claim 27 . The system of Claim 25 wherfein said data 
processor further comprises an analyzer far digitally analyzing 
the conditioned digital signal as to frequency content to produce 
frequency spectrum data corresponding to /at least a portion of 
the conditioned digital signal . 

Claim 28. A hand held data collecytor and analyzer system 
for collecting, analyzing, and storing/data and for transferring 
data to a computer, comprising: 

a transducer for sensing analog fiata and for producing an 
analog signal corresponding to the a^ialog data; 

a conditioning circuit : 



(a) for receiving a 
from the transducer to produce a 

(b) including ha/dware 
conditioned analog signal/ at a s 
digital signal, and furt/ner for 
digitally decimating the digit^ 
digital signal having a reduce 
digital signal and a ppredete; 

a data processor 
signal to produce desired digital 
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itioning the analog signal 
nditioned analog signal; 

receiving and sampling the 
pie frequency to produce a 
igitally low-pass filtering and 
signal to produce a conditioned 
ample rate as qompared to the 
new upper cutot,£ frequency; 
essSjiQ the ccaiSitioned digital 
said data processor 



comprising : 

a digital low-pas^s filter and decimator for optionally 
and selectively reducing mie sample rate and frequency content of 
the conditioned digital srignal to produce a modified conditioned 
digital signal, 

a zoom procea'sor for selectively and optionally 
operating on the condi^tioned digital signal and the modified 
conditioned digital aagnal to produce zoom digital signals having 
a frequency range that is reduced compared to the frequency range 
of the conditioned Aigital signal or the modified conditioned 
digital signal, respectively, and 

said diAital low-pass filter and decimator of the data 
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processor for optionally and selectively reducing the sample rate 
and frequency content of the zoom digital signal to produce a 
modified zoom digital signal, I 

a transformer for selectively and ogtionally operating 
on the conditioned digital signal, the modified conditioned 
digital signal, the zoom digital signal, and the modified zoom 
digital signal, performing a Fast Fourier Trapsform, and 
selectively producing frequency spectrums; / 

a selector for selecting and producing select data for 
storage from the conditioned digital signal,/ the modified 
conditioned digital signal, the zoom digital signals, the 
modified zoom digital signals, and the freddency spectrums; 

a digital control interface connected /between said data 
processor and said digital conditioner; / 

said data processor for transmitting /control signals through 
said digital control interface for selectn.ng the upper cutoff 
frequency and output sample rate for the /low-pass filtering and 
the decimating of said hardware, and fpW-s-electing the upper 
cutoff frequency and the output sarngJla^rate for the digital 
filter and decimator in the data /processor ; . 

a keyboard interfaced with/ said /dfeta processor for inputting 
commands and data to said datst proceiiBor; 

a display interfaced witth said y'ata processor for displaying 
information to the user, saifd infoimyation including tiae 
conditioned digital signal,/ the mod/fVed condition^a digital 
signal, the zoom digital sigma^^ and the f requ^Hf^ spectrums; 

memory interfaced with the dafca processor for storing 
information including the select /aata; and 

means for transferring info/rmation stored in said memory to 
the computer. / 

Claim 29 . A hand held vibration monitoring system for 
collecting, analyzing, and stcoring vibration data that is 
produced by and collected fram a predetermined series of machines 
and for transferring data tor a computer, comprising: 

a transducer for sensing vibration that is produced by the 
machines and for producing/ an analog vibration signal 
corresponding to the vibration; 

a conditioning circuit 

(a) for receiving and conditioning the analog vibration 
signal from the vibration transducer to produce a conditioned 
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analog signal; 

(b) including an anti-aliasing filtei^ having an upper 
cutoff frequency set at a desired frequency foir producing the 
conditioned analog signal having a desired frequency content; 

(c) including amplifiers for producing the conditioned 
analog signal at a desired amplitude; 

(d) including a first analog to dfi.gital converter (ADC) 
for receiving and sampling the conditioned/ analog signal at a 
relatively high sample rate to produce a first digital signal; 
and 

(e) a second ADC for receiving and sampling the 
conditioned analog signal at a relatively low sample rate to 
produce a second digital signal, said /second ADC being more 
accurate and stable in the conversi^Ji/ of substantially constant 



amplitude signals and low freque^^cy 
one hertz than said first anai 

a data processor for re/;exv, 
first and second digital s 
and for selecting and pro/iuci 
digital signals or the 

a keyboard interfa 
commands and data to saidyQat 

a display interfaced wit 



signals in the range of about 
digital converters; 
and digitally processing the 
o produce desired digital data, 
lect data for stpirage from the 
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said data 



ocessor 
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essor for inputting 
ata processor for displaying 

information to the user; 

memory interfaced with/the data processor for storing 
information including the select data; and 

means for transferring information that is stored in said 
memory to the computer. 

Claim 30 . The apparatus of Claim 2 9 wherein said first ADC 
operates with a sampling frequency of about 3.276 megahertz to 
0.3276 megahertz and ^id second ADC operates with a sampling 
frequency of about 20 hertz . 
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